The Bethe theory of electron diffraction is used to calculate reflection electron diffraction intensities for mediiim and high energy electrons. A generalized Hill's determinant method is used for •he numencal calculations instead of the more common but slower matrix-eigenvalue technique. Results of a "systematics" calculation of the specular intensity as a function of incident angle are compared with some experimental values for the Si (111) surface. The application of the Bethe theory to crystals where the surface structure differs from the bulk is also considered.
Introduction
The Bethe theory 1 of electron diffraction, so useful in Transmission microscopy (TM) studies 2 , has also been used for calculating reflection electron diffraction intensities [3] [4] [5] . The infinite number of dy- This article describes the development of the Hill's determinant (HD) approach, showing how the problem of equivalent eigenvalues arises, is resolved and efficiently solved. As far as possible Lamia s notation has been retained. The application of the Bethe theory to crystals where the surface structure differs from the bulk is also discussed.
Bethe Theory
An electron incident on a crystal finds itself in a region of potential V (f). For an electron of energy 
The requirements of continuity of the wave function and its normal derivative on the upper surface Z -0 yields the equations 6 
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On the lower surface Z = D the corresponding equations are found
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Eliminating the quantities 0g and cpg from these equations the boundary condition equations are ob- (18) and (19), and finally the amplitudes of the reflected and transmitted waves are calculated from the Equations (14) 
The Hill's Determinant Method
The dynamical equations (8) 25) has no poles at the positions ± c0, -tg + cg, etc., then f(x) has no poles at all, and is a simple periodic function of x which remains finite at infinity.
As a result, according to Liouville's theorem 8 f(x)
is a constant, whose value may be found (by con- (1+2 A^y^) y 2 + (2 A0y0 -y0 2 ) =0 . (28) In the general case where many pairs (g1, g2) must be considered a polynomial in y must be solved.
Nickel's algorithm 10 readily provides the roots of such a general polynomial.
An Application
The simplest application of this theory is to the "systematics" case. If it is possible to choose azimuth angles experimentally so that the interference from non-systematic diffracted beams is greatly minimized, then in the theoretical calculation only those reciprocal lattice (RL) points lying on the 00-rod (the RL rod through the RL point 000 and normal to the surface) need be considered. To calculate the Fourier coefficients of the potential, Doyle-Turner parameters 11 were used for the electron scattering factors. The approximations inherent in the calculations leading to these parameters should remain valid for both MEED (1 -10 keV) and RHEED (10-50 keV) energy regions. (The likely advantages of MEED over both RHEED and LEED have been pointed out elsewhere 12 .) The effect of absorption on the intensity may be included by means of an imaginary part aded to the potential coeffi- Curve 2 (Fig. 1) shows the effect of decreasing the inner potential on the reflected intensity at low angles.
(The origin has been shifted in this curve so that the peak positions still coincide with the experimental positions.) Similar effects occur in LEED calculations 15 . 
An Extension of the Bethe Theory to Non-Perfect Crystals

